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Abstract: The capacity of organizations to share knowledge is seen as a source of competitive advantage in many industries. Knowledge
sourcing and knowledge reuse have been indicated as important enablers of organizational efﬁciency and innovation performance. Although
ﬁrms may own valuable knowledge, the presence of barriers to knowledge sourcing and reuse may hinder the exploitation of such
knowledge. The present study explores the barriers to knowledge sourcing and reuse from electronic repository and their implications within
the virtual product prototyping stage of new products development. The study is based on 24 interviews with research and development
(R&D) employees of a large supplier of R&D in the automotive sector. Results demonstrate that the poor operational quality of a
repository hinders knowledge sourcing; thereby, people prefer sourcing knowledge from other colleagues rather than from the repository.
Moreover, the inefﬁciencies in knowledge sourcing from a repository, the poor quality of the codiﬁed knowledge and its complexity affect
the reuse of existing knowledge. This study reveals that knowledge sourcing and knowledge reuse can affect the time performance in the
virtual product prototype development process.
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1. Introduction
The achievement of competitive advantages urges
organizations to manage knowledge, namely to acquire,
integrate, store, share and apply increasing amount of
knowledge (Prahalad & Hamel, 1990; Grant, 1996,
Davenport & Prusak, 1998; Kankanhalli et al., 2005;
Watson & Hewett, 2006). Many ﬁrms recognize
knowledge management as a key success factor of their
business (Ofek & Sarvary, 2001) and are increasingly
improving their knowledge management activities in an
attempt to make people access the right knowledge at the
right time in the right format to increase organizational
performance (O’dell & Grayson, 1998; Gray & Meister,
2006). Research has demonstrated that the reuse of
knowledge is critical to a ﬁrm’s performance because it
affects its organizational effectiveness and can result in
time saving (O’dell & Grayson, 1998; Markus, 2001;
Dixon, 2002; Haas & Hansen, 2007).
The virtual product prototype development (VPPD) is a
stage of the new product development (NPD) process where
R&D people from different areas of a company work
together in a virtual environment to develop solutions for
the problems that emerge during the design and assembly
of a vehicle’s parts. The VPPD is a knowledge-intensive
process in which R&D people generate vast amounts of
knowledge, such as pictorial, symbolic, linguistic, virtual
and algorithmic knowledge (Owen and Horváth). Such
knowledge is stored in knowledge repositories, manuals,
technical reports and so forth (Corallo et al., 2009). Because
most of NPD projects are not ‘clean-sheet’ efforts, rather
incremental redesigns of existing products (Chandrasegaran
et al., 2013), R&D people often retrieve and reuse existing
knowledge to solve recurring problems in the design of
new products. The reuse of existing design knowledge is
the key to realize rapid product design (Lu et al., 2011).
However, no research has investigated the importance and
the role of knowledge sourcing (KS) and knowledge reuse
(KR) within the VPPD in the automotive sector. For
instance, it is valuable and current to investigate the role
of knowledge sourcing and reuse from a repository within
the product prototyping process.
Although valuable knowledge (e.g. best practices,
solutions) may be present within a ﬁrm (O’dell & Grayson,
1998), the same knowledge can be difﬁcult to locate and
reuse in new projects because of the presence of barriers that
hinder its sourcing and reuse. Therefore, a key challenge for
organizations is to identify and overcome potential barriers
that affect the retrieval and reuse of knowledge from a
repository within their boundaries (O’dell & Grayson,
1998). Researchers have started to investigate the type of
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‘frictions’ that slow or prevent knowledge sharing and are
likely to erode some of its advantages; however, these
studies are often focused on the contributor of knowledge
(e.g. Constant et al., 1996; Hansen, 1999; Jarvenpaa &
Staples, 2000; Wasko & Faraj, 2005; Durcikova & Gray,
2009). Thus, there is limited research on the receivers of
knowledge ﬂows (Goodman & Darr, 1998; Markus, 2001;
Dixon, 2002; Kankanhalli et al., 2005) and qualitative
studies of the factors that affect KS (Gray & Durcikova,
2006; Gray & Meister, 2006) and KR are needed (Markus,
2001; Dixon, 2002; Majchrzak et al., 2004; Kankanhalli
et al., 2005) within the different stages of the NPD process.
In this study, we attempt to ﬁll these gaps by exploring the
range of potential barriers that affect KS and KR from the
receiver’s perspective, and the role that KS andKR play within
the VPPD in the automotive industry, whose knowledge
management activities are attracting the attention of scholars
in recent years (Dyer & Nobeoka, 2000; Kotabe et al., 2003;
Lakshman & Parente, 2008; Wolf et al., 2011). This study is
based on 24 interviews with line managers and R&D
employees of a ﬁrst-tier supplier of R&D to a large automotive
group.
The article begins with a summary of the relevant
literature relating to KS, KR and VPPD. Then, it proceeds
with a description of the research context and the research
method. Afterwards, the results are displayed and discussed.
Finally, the academic and managerial implications are
reviewed, and conclusions and future research directions
are drawn.
2. Current literature
2.1. Knowledge sourcing, knowledge reuse and electronic
knowledge repositories
Knowledge management is the process of capturing, storing,
sharing and using knowledge (Grant, 1996). Knowledge refers
to a ﬂuid mix of framed experiences, values, contextual
information and expert insights, providing a framework for
evaluating and incorporating new experiences and information
(Davenport & Prusak, 1998). The importance of knowledge
and of how ﬁrms acquire and share knowledge is increasingly
attracting the attention of scholars and practitioners
(Kankanhalli et al., 2005; Kane & Alavi, 2007). The effecti
veness of intra-ﬁrm knowledge sharing has been identiﬁed as
a critical factor of a company’s success (Eisenhardt & Santos,
2002) and as a driver of innovation (Kogut & Zander, 1992;
Dyer & Nobeoka, 2000; Lilleoere & Hansen, 2011).
Knowledge sharing is deﬁned as ‘the provision or receipt of
task information, know-how, and feedback regarding a
product or procedure’ (Hansen, 1999; Cummings, 2004, p.
352). The process of knowledge sharing includes three actors:
the producer, the intermediary and the consumer (Markus,
2001). In this study, we focus on the consumer of knowledge
(or knowledge seeker), which has received less attention
compared with the producer of knowledge (Markus, 2001;
Dixon, 2002; Kankanhalli et al., 2005). Moreover, this study
investigates the processes of retrieving and reusing pre-existing,
codiﬁed knowledge within a repository, which are particular
knowledge-sharing processes.
Drawing on Levitt and March (1988), Gray and Meister
(2006) deﬁne KS as the ‘extent to which individuals inte
ntionally access other’s expertise, experience, insights and
opinions’ (p. 144). In this study, KS is related to the activity
of individuals searching for and accessing the knowledge
that has been codiﬁed and archived by people within the
same organization into an electronic repository. Research
on KS is still scant (Kankanhalli et al., 2005). Gray and
Meister (2006) investigated different sourcing methods (i.e.
knowledge repositories and virtual communities of practice)
and their impact on different performance outcomes
(replication, adaptation and innovation). Scholars have also
analysed the motivation of technical support analysts for
accessing to knowledge from repositories, as opposed to
other sources such as colleagues and manuals (Gray &
Durcikova, 2006), and the motivation of public sector
employees for using electronic knowledge repositories to
seek for knowledge (Kankanhalli et al., 2005).
Knowledge reuse refers to the activity of an individual (or
a group) within an organization using knowledge generated
by a different individual (or group) within the same
organization in order to be more effective and productive
in their work (Alavi & Leidner, 2001). There is a paucity
of research on KR. The work of Markus (2001) sheds light
on the speciﬁc conditions under which successful KR is
likely to occur, suggesting that the higher the match between
the needs of re-users and the resource provided in the
repository, the more KR will occur. Ettlie and Kubarek
(2008) analysed the impact of design reuse decisions on the
novelty of product and service offerings, while Cheung
et al. (2008) showed that the reuse of knowledge from an
intranet-based knowledge repository inhibits the creative
performance of individuals. Durcikova et al. (2011)
investigate the inﬂuence of climate for innovation and
knowledge management systems access on solution reuse
and solution innovation.
From this review of the KS and KR literatures, it emerges
that scholars have not undertaken an in-depth investigation
of the factors that affect KS and KR, how these processes
relate to each other and their implications within a speciﬁc
stage of the NPD. Majchrzak et al. (2004) distinguished
between KR for innovation (also termed exploration) and
KR for exploitation (March, 1991), where KR for
exploration refers to the development of new knowledge
within the organization’s memory (Abernathy, 1978;
March, 1991), whereas KR for exploitation refers to
incremental learning focused on diffusion, reﬁnement and
reuse of existing knowledge (March, 1991; Larsson et al.,
1998). Similarly, Durcikova et al. (2011) view solution
innovation as a form of knowledge exploration and solution
reuse as a form of knowledge exploitation. While some
research has been conducted on KR for exploration
(Majchrzak et al., 2004; Watson & Hewett, 2006; Cheung
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et al., 2008; Ettlie & Kubarek, 2008; Durcikova et al., 2011),
little attention has been dedicated to knowledge exploitation
(Gray & Meister, 2006; Durcikova et al., 2011). Design KR
is key in the VPPD, and the more R&D employees can reuse
existing components, the lower the design loads and the
more rapid the product development (Lu et al., 2011). In
this study, we focus on KR for exploitation in the VPPD,
namely on the replication of existing knowledge into
new projects with the aim of improving organizational
performance.
Researchers distinguish between two main strategies to
knowledge sharing: a codiﬁcation and a personalization
strategy (Hansen et al., 1999). The personalization strategy
is based on person-to-person learning, in which knowledge is
shared with other people (employees) through face-to-face
communications, including on-the-job learning, storytelling,
training activities and communities of practice (Brown &
Duguid, 2001). The codiﬁcation strategy is instead based on
the document-to-person approach, in which people retrieve
codiﬁed knowledge from knowledge management systems,
databases, books, data warehouses, decision support systems
and enterprise resource planning systems (Hansen et al.,
1999). Two types of knowledge management systems have
been developed for supporting these two strategies: know
ledge directories (e.g. yellow pages) and knowledge networks
(e.g. electronic communities of practice) support the persona
lization strategy, while electronic knowledge repositories
support the codiﬁcation strategy as they store codiﬁed
knowledge for future adoption (Hansen et al., 1999; Markus,
2001; Kankanhalli et al., 2005). Electronic knowledge
repositories are documents or repositories that facilitate
knowledge and information search, organization, storage
and retrieval (Wu & Wang, 2006). Repositories are used by
companies to enable employees dispersed in different
locations to access the company’s best practices, lessons
learned and know how. The current study focuses on the
sourcing and reuse of technical solutions to vehicle design
anomalies (e.g. interferences) that have been archived by
R&D employees of the same organization in the company’s
knowledge repository.
2.2. Virtual product prototyping in the automotive industry
In the knowledge economy, the competitive advantage of
ﬁrms stems from their capacity to favour organizational
learning for fostering innovation (Nonaka, 1991; Grant,
1996; Watson & Hewett, 2006). The innovation process is
regarded as a create knowledge, transfer knowledge and
exploit knowledge cycle, including the activities of searching
for and spreading organizational knowledge (Argote et al.,
2003; Carlile & Rebentisch, 2003).
Cooper (1990) developed a model that divides the
innovation process into a seven-stage process, each stage being
composed of a group of activities, roles and responsibilities.
The virtual product prototyping is the stage that precedes a
company’s approval of a product concept and anticipates
the virtual and physical test of a new product (Cooper, 2008).
The rapid development of manufacturing and information
technology has enabled ﬁrms to manufacture increasingly
sophisticated industrial products, and the importance of the
technology for product assemblies has been increasing
(Xu et al., 2012). In the automotive sector, many car
manufacturers have recently introduced virtual simulation
methods to improve the performance of this process.
Virtual simulation software tools (i.e. AutoAssem or the
digital mock-up, DMU), namely software tools for planning
and scheduling of manufacturing activities at workcells or at
system level (Xu et al., 2012, p. 669), are signiﬁcantly
changing the way ﬁrms design new products and analyse
and resolve technical problems (Dodgson et al., 2007). The
simulation-based development method can be completed
before a physical prototype is built, which can reduce the
time and the cost of the vehicle development process
(Butterﬁeld et al., 2007; Sun et al., 2011) as well as it can
improve the efﬁciency of assembly planning and reduce the
possibilities of failures (Xu et al., 2012).
A virtual prototype of a vehicle is obtained through the
integration of single computer-aided engineering (CAE)
and mathematics of the different vehicle components into
a single numeric model. The integration of the different
designs is achieved through the DMU that is a technology
enabling the virtual display of a vehicle in three dimensions,
allowing the visualization of the whole product. The core
assembly planning capabilities of the DMU software
include the following: (1) interfaces of manual settings for
assembly sequence, (2) assembly simulation and exporting,
(3) interference detection and (4) dynamic visualization
(Xu et al., 2012).
In the context of vehicle assembly, the DMU is aimed at
integrating the sub-components of a vehicle by deﬁning its
conﬁguration, position, connections, potential interference
between the components and functional speciﬁcations
related to the interface, reliability, security, aesthetics,
ergonomics and assembly. If from one side the use of
simultaneous and collaborative design processes can provide
several beneﬁts to organization, on the other side, the
effectiveness of the process depends on how effective the
knowledge is transferred between teams (Chandrasegaran
et al., 2013). Scholars have emphasized that there is a lack
of detailed information of how digital assembly technologies
are implemented (Butterﬁeld et al., 2007). The current study
investigates the implications of KR and KS from an
electronic repository during the design of a virtual vehicle
prototype through the DMU.
Although there is an increasing amount of research on
knowledge sharing in the automotive sector (Dyer &
Nobeoka, 2000; Kotabe et al., 2003; Lakshman & Parente,
2008; Wolf et al., 2011), research on the knowledge-based
activities in the virtual product prototyping is currently at
an embryonic stage (Vaccaro et al., 2011). Although
research has explored the relationship between knowledge
management and innovation performance (e.g. Yli-Renko
et al., 2001; Yu et al., 2014), to the best of our knowledge,
no research has yet explored the implications of KS and
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KR from an electronic repository in the product prototyping
stage of NPD. With the present study, we attempt to provide
an indication of how knowledge sourcing and reuse from an
electronic repository affect the performance of the vehicle
prototyping process.
3. Methodology
3.1. Method and context of the study
Aqualitative method of investigation has been adopted in this
study because of the novelty of the phenomenon under
investigation (KS and KR within the VPPD) (Yin, 2003)
and because of the number and complexity of potential
barriers to consider in research on KS and KR, such as the
characteristics of the repositories, the characteristics of indi
viduals adopting such technologies and the organizational
environment in which they are adopted (Kane &Alavi, 2007).
Following the approach adopted by previous scholars
(Gray & Meister, 2006; Watson & Hewett, 2006), we have
conducted research on KR and KS in a single company.
This study is based on the automotive industry, which is a
typical example of knowledge-intensive industry (Jordan &
Jones, 1997). The decision to study only one R&D centre
was forced by the fact that the automotive industry is a
very competitive industry and automotive companies have
very strict guidelines to protect their intellectual capital.
Automotive companies have several limitations regarding
external people doing research within their R&D centres
because knowledge is a key asset to their competitive
advantage and the perceived risk of losing such advantage
due to inadvertently disclosing critical knowledge is high.
The automotive industry requires huge investments in the
creation of technological knowledge and in the sharing of
knowledge for the development of new products. The
decision to select the current automotive group was taken
because this company is one of the largest automotive
groups in the world and has been very successful in
overcoming the economic recession through the launch of
several new products in a very short time.
3.2. Interviews
Interviews with repository users have been undertaken to
get an in-depth understanding of the phenomenon under
investigation and to inductively develop an empirically
grounded theory (Glaser & Strauss, 1967). The seven-step
procedure proposed by Kvale (2007) for conducting
interviews was followed, which includes thematization,
design, conduct the interview, transcription of interviews,
analysis, validation and reporting.
Thematizing an interview study involves explaining the
purpose of the study, namely the why and what of a study
(Kvale, 2007). Interviews can be adopted to inductively
develop an empirically grounded theory (Glaser & Strauss,
1967; Kvale, 2007). The purpose of this study is to
develop a new theoretical model that would include the
antecedents to KR and KS, and the implications of KR
and KS for the VPPD.
The literatures on KR and KS and on product prototyping
have been reviewed in order to acquire a base to which new
knowledge will be added and integrated (Kvale, 2007). In
addition, to obtain a pre-knowledge of the subject matter to
be investigated, the researcher collected proprietary documents
and other information on the company’s vehicle prototyping
process (Kvale, 2007). Afterwards, the researcher arranged
interviews with R&D employees, which had different roles
and responsibilities, from three business units within the
organization, namely vehicle, motor propulsion (MP), and
information and communication technology (ICT). However,
the research started within the ICT business unit, after the
other two business units were involved through the mediation
of the director of the ICT business unit. The purposive sample
method informed the selection of the business units, which
were chosen to participate to this study for their relevancy
in the prototyping of the most recent vehicle models. The
vehicle business unit directly creates and manages the
knowledge needed for the development of a vehicle, whereas
the MP business unit generates and manages the knowledge
in the area of motor propulsion and engines, while the ICT
business unit deﬁnes and develops the methodologies and
the applications for knowledge archival, retrieval and reuse.
To elicit honest answers from the sample, the researchers
have assured that the study was carried out with the aim
of improving business processes and that the answers would
not have been shared with other employees.
Twenty-four R&D people took part to face-to-face
interviews; the length of interviews varied from 45 to
55min; a typical interview was about 50min (interview
stage). To ensure consistency and speed up the analysis, all
of the interviews were carried out by the same researcher
and transcribed at the end of each interview without waiting
until all interviews were completed (Silverman, 2010). A
total number of 24 interviews was judged as sufﬁcient for
reaching a theoretical saturation (Strauss & Corbin, 1998),
as additional interviews were adding little or no new
knowledge to what was already discussed in the ﬁrst 18
interviews (Kvale, 2007). Table 1 shows the proﬁle of the
interviewees in relation to age, gender, education level, work
experience in the company and role.
The format of semi-structured interview was chosen.
Interviewees were ﬁrst informed about the purpose of the
study, the data treatment and storage, and the ethical
issues. Then, they were given the deﬁnitions of knowledge,
KS and KR. Because of knowledge being an ambiguous
object of investigation, it is paramount to specify the type
of knowledge that is the object of investigation in this
study. At the VPPD, R&D people are more likely to
transfer knowledge that is related to what they already
know and are more likely to pursue exploitative
innovations as well (Jansen et al., 2006). The knowledge
required in the VPPD stage of NPD is mainly product-
speciﬁc technical know-how (Hansen, 2002), which is the
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type of knowledge being created and reused for solving
problems. Therefore, interviewees were told that the term
knowledge referred to codiﬁed solutions archived into the
electronic repository by other R&D employees. Interv
iewees were then asked to comment about their typical
work day and to provide information about their work
processes. Subsequently, they were asked to discuss more in
depth about KR and KS. Our interview protocol followed
the critical-incident technique (Flanagan, 1954); namely,
interviewees were asked to recall the last time they retrieved
and reused knowledge from the organizational electronic
repository. Subsequent questions investigated the presence
of potential obstacles that obstructed the respondent’s
sourcing and reuse of knowledge from the repository during
the product prototyping process, which pertains to
theoretically informed interview questioning (Kvale, 2007).
Moreover, interviewees were also asked to comment how
the KS and KR relate to VPPD and the type of impact these
processes produced on it. Interviewees were also asked to
propose viable solutions to the problems arising from the
interviews. During interviews, documents about the
company’s VPPD, previously shared by the head of
department with the researcher, were also analysed and
commented on.
The transcription stage concerns information on how the
interviews were recorded and transcribed (Kvale, 2007).
All interviews were tape-recorded and transcribed verbatim
by the researcher.
The data analysis of interviews adopted the open and
axial coding methods proposed by Strauss and Corbin
(1998). Open coding was used to shed light on the properties
and dimensions of concepts in the dataset. Axial coding was
used for crosscutting and relating concepts/categories to
each other and for identifying the how or the means
through which a category is manifested (Strauss & Corbin,
1998). To recognize themes and uncover relationships, we
followed the Strauss and Corbin (1998) recommendation
to distinguish between conditions, actions/interactions and
consequences. The themes referring to the barriers to KS
and KR mentioned in interviews were derived from theory
(Kvale, 2007) and were respectively repository ease of use
and knowledge quality. Then, we were able to identify
sub-categories or themes discussed by interviewees, which
referred to the two categories. The data from interviews
were useful to understand the speciﬁc relationships between
KS and KR, and whether and how KS and KR impacted
on the VPPD. The coding scheme developed by one of
the researcher was shared with two doctoral students who
were not involved in the research project to perform
independent coding. The coders were ﬁrst trained on how
to code qualitative data from interviews, and then, they
were given the entire dataset and asked to code it in two
separate locations. There was some disagreement between
the coders mainly because of ambiguities in the deﬁnitions
and labels provided in the schema. However, no new
categories were found, and after the modiﬁcations of some
sub-categories, labels and deﬁnitions, the disagreement was
solved.
In order to further check the validity and the reliability of
the analysis, the researcher discussed the results with key
informants within the company through informal discussions
and a presentation.
Table 1: Socio-demographic characteristics of the interviewed R&D employees
ID Gender Age Education Work experience Position
1 M 26–35 Postgraduate 5–10 Designer
2 M 26–35 Undergraduate 5–10 Designer
3 M 36–45 Postgraduate 10–15 PM
4 M 46–54 High school >15 PM
5 M 26–35 Postgraduate 5–10 Designer
6 M 36–45 High school >15 PM
7 M 36–45 Postgraduate >15 Designer
8 M 26–35 Undergraduate 5–10 Designer
9 M 36–45 Postgraduate 10–15 PM
10 M 36–45 Postgraduate >15 Head of Dep.
11 M 26–35 Undergraduate 5–10 PM
12 M 36–45 Postgraduate >15 SA
13 M 26–35 Postgraduate 5–10 SA
14 F 36–45 Postgraduate >15 Designer
15 M 36–45 Undergraduate >15 SA
16 M 36–45 Undergraduate 5–10 PM
17 M 26–35 Postgraduate <5 CAE analyst
18 M 46–54 High school >15 Head of Dep.
19 M 36–45 Postgraduate >15 Designer
20 M 36–45 Postgraduate >15 Designer
21 M 26–35 Postgraduate 5–10 CAE analyst
22 M 36–45 High school 10–15 PM
23 M 36–45 Postgraduate 5–10 SA
24 M 36–45 High school >15 TL
SA, systems analyst; TL, team leader; PM, project manager; CAE analysts, computer-aided engineering analyst.
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4. Results
4.1. Repository ease of use and knowledge sourcing
From interviews, we have acknowledged that the ease of use
of the knowledge repository is an important barrier to KS.
Ease of use is referred to as the degree to which a person
believes that using a technology would be free of effort
(Davis, 1989). Ease of use is conceptualized as the perceived
time and effort needed to retrieve knowledge from a
repository (Goodman &Darr, 1998). The KS activity entails
the formulation of a query and the reﬁning of the search,
until some satisfactory output is obtained or the knowledge
seeker gives up with the search (Kankanhalli et al., 2005).
Interviewees have the perception that the difﬁculty of use of
the repository has a negative impact onKS. Employees in this
R&D supplier adopt an in-house developed repository
(named ‘KMAN’) where they archive knowledge (i.e.
solutions) that is reused during the vehicle prototyping
process. However, during interviews, R&D staff mentioned
that the sourcing of solutions from the repository was difﬁcult
and time consuming. The repository was perceived as difﬁcult
to use for different reasons including the following: ambig
uous repository and folder labels, lack of interoperability
between different repositories and systems, and ineffective
search functionalities. Respondents stated that knowledge
repositories and folder labels have been created by employees
without following speciﬁc organizational rules or norms.
According to interviewees, the lack of archival norms was
due to a lack of preliminary cross-unit discussions on themost
appropriate label or term to be used to archive a speciﬁc type
of knowledge into the repository. Respondents said that they
often have to deal with folders and repository with very
generic labels/names, and such ambiguity has led to a
duplication of repositories, folders and documents. Such a
duplication of labels has generated some confusion among
R&D staff, making it difﬁcult for them to source the right
knowledge for solving problems.
‘….problems [when sourcing knowledge] occur when I
need some document for ﬁxing vehicle development
anomalies (from the repository). It is very difﬁcult to
retrieve the right documents rapidly…. This is
frustrating since I have to search for the right
document in every folder and then I have also to
browse the documents to see if the solution I have
found is the correct solution to the current problem.
The main problems of KMAN are the search
functionalities and the folders… search functionalities
are not effective in helping to ﬁnd what one is looking
for and folders have ambiguous labels…my colleagues
often create new folders because they do not
understand - or do not know - what has been archived
in other folders and repositories by other people....I
think they codify the solutions for themselves, not
thinking that other people will search for these
solutions in the future’ [Team Leader, MP]
Interviewed R&D employees propose the adoption of
ontologies as a solution to the KS problem. They suggest
that the key-word-based search functionalities actually in
use are not effective in retrieving the solutions that they need
to solve problems. Accordingly,
‘…I think the main problem of our repository is due to
the key-word search system. This kind of research
involves only the syntactic/lexical aspects, and not
the semantic ones. In my opinion the adoption of
ontologies for the vehicle might help…’ [System
Analyst, ICT]
‘…problems come from the applications used to
archive knowledge….in my opinion retrieving the
solution that is needed to solve an irregularity takes
too much time…search functionalities are not helpful
at all…the problem could be solved through the
adoption of ontologies for indexing the documents…
Ontologies may facilitate the retrieval of documents
containing the same typologies of irregularities and
their solutions. In relation to this, we have an ongoing
research project with the University of …which is
aimed at identifying and deﬁning domain
ontologies…’ [System Analyst, ICT]
Some of the interviewees also emphasize the lack of
interoperability between the different systems in use as one
of the main problems, which affects the ease of use of the
repository and in turn has a negative impact on KS. This
problem is particularly evident in the anomaly solution
process, where people from different business units and
suppliers work together to build a vehicle prototype in a
virtual environment:
‘The main difﬁculty in the sourcing of knowledge
derive from the fact that different business units use
and consequently archive knowledge into different
applications. These systems do not communicate
between each other…for this reason the solution I’m
looking for may be archived into a system that we
are not using actually…employees should all use the
same applications and the same archival method
(throughout the company). However, it is also true
that different business units do different things and
adopt different applications to do these things … for
example designers (at Vehicle) adopt Iman and
Codep…’ [CAE analyst, Vehicle]
4.2. Knowledge quality and knowledge reuse
The data from interviews reveal that the quality of
knowledge is a main issue in the process of KR and
knowledge quality is a critical barrier to KR. In this context,
R&D people refer to knowledge quality as the accuracy,
completeness and format of codiﬁed knowledge. Respo
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ndents complain about the lack of accuracy and
completeness of the codiﬁed knowledge, and about the
inconsistent adoption of a standard format of representation
of the codiﬁed knowledge.
It emerges that the codiﬁcation of knowledge is a
routinized activity within this R&D supplier; namely,
R&D employees who are involved in the anomaly solution
process have to codify any new solution being generated,
and they have to subsequently archive it in the knowledge
repository. As a matter of fact, the repository contains a
large amount of codiﬁed solutions to anomalies occurring
in the vehicle prototype development process. Many types
of anomalies emerge frequently during the VPPD, and the
purpose of knowledge codiﬁcation is to enhance its reuse
so as to accelerate the problem-solving process. However,
both the lack of accuracy of the codiﬁed solutions and the
failure of R&D employees to adopt a consistent format of
representation (for the codiﬁcation of solutions) hinder the
possibility of reusing the same solution for ﬁxing recurring
anomalies. Knowledge accuracy is deﬁned as the correctness
in the mapping of stored information to the appropriate
state in the real world that the information represents
(Nelson et al., 2005). Knowledge is judged as accurate if it
is correct, meaningful, easy to understand and not
ambiguous (Nelson et al., 2005).
‘…during these years, we have created loads of data
and documents about vehicle design, implementation
and development and archived them into our
repository …however, the knowledge contained in
such documents is quite unusable because other
employees from other business units and external
suppliers have never systematically used the same
templates, libraries, taxonomies, keywords or a shared
terminology…I think that most of my colleagues do
not think that these solutions can be searched and
used by other people’ [System Analyst, ICT]
The capacity to make knowledge reusable to other people
in the organization depends on the adoption of shared
templates/formats, which can improve its representational
consistency. Knowledge format refers to the degree to which
knowledge is presented in a manner that is understandable
and interpretable to the user and thus aids in the completion
of a task (Nelson et al., 2005). Organizations use speciﬁc
forms and templates to codify and archive knowledge in
order to facilitate its understanding and reuse. The adoption
of a format for knowledge codiﬁcation implies that
knowledge has to be codiﬁed in a way that is immediately
meaningful to every employee in order to be reusable. In this
R&D supplier, people complain about the lack of adoption
of a consistent format of representation of knowledge.
Among the solutions proposed, there is the adoption of
more clear terms and language, the provision of correct
information and measurements, and the adoption of a
shared format, terminology, templates and taxonomies.
‘…When we have started to create, formalize (and
archive) the solutions to anomalies into a document,
we did not deﬁne a common set of rules for this
activity…this was a big mistake… Thus, everybody
does formalize solutions his own way …using his
own vocabulary and style and this make it difﬁcult
for other users to understand and to apply past
solutions to new projects....’ [System Analyst, ICT]
Together with the lack of adoption of a consistent format
of representation, the degree of completeness of the
information provided in the existing documents also affects
the reuse of knowledge from a repository. Completeness
refers to the degree to which all knowledge needs are
covered by the knowledge stored into the repository.
Respondents state that codiﬁed knowledge is sometimes
not exhaustive and complete for solving the emerging
assembly problems; thus, they complain about the lack of
completeness of the information provided into the archived
documents. Codiﬁed knowledge is not perceived to
completely satisfy their information needs as documents
do not always provide all of the relevant information needed
to solve an irregularity, such as the type of anomaly, its
diagnosis, the corrective action to be taken, the assembly
unit and the parts involved, connections, mathematics and
so on. This problem requires R&D people to contact the
author of the document in order to get clariﬁcation.
Therefore, even though vast amounts of knowledge have
been archived into the repository, R&D people still need
people-to-people interactions to understand and apply
knowledge. This means that the time savings beneﬁts related
to searching for a solution in an electronic repository wear
off when a document does not contain all the knowledge
that R&D people are expecting to ﬁnd in it.
‘When I retrieve past documents for solving current
anomalies I frequently ﬁnd that the irregularity
schedule [excel template used for the irregularity audit]
is not used consistently. Moreover, someone does not
use this template; sometimes some information in the
template are missing or placed in the wrong place,
which requires additional phone calls to ﬁll all the
areas of the template and ﬁnally being able to adopt
the solution… To be honest, I’m not sure if I save time
by doing this…a quicker way is to contact the RVP
[responsible for project audit] for a speciﬁc anomaly’
[Designer, Vehicle]
4.3. Knowledge complexity
The complexity of the knowledge needed to solve problems
during the VPPD is also viewed as an important barrier to
KR. Knowledge complexity, especially in product develop
ment tasks, ‘is the extent to which the knowledge to be
transferred is independent or is an element of a set of
interdependent components’ (Teece, 1986; Winter, 1987;
Hansen, 1999, p. 87). In this contest, the knowledge that
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has to be reused is dependent on other pieces of knowledge;
namely, the vehicle module works in conjunction with other
components. Reusing a piece of knowledge will require that
the person receiving it has some knowledge of the system as a
whole, of which the piece of knowledge is only a part. The
codiﬁed knowledge may also need to be modiﬁed to work
in the new project. Accordingly, R&D people have discu
ssions regarding the complexity of knowledge, which is
caused by the high number of parts a vehicle is made of
and the interdependency among these parts. In fact, modern
mechanical products such as vehicle body parts are made of
hundreds or thousands of parts because of the complexity of
functionalities (Lee & Saitou, 2004; Xu et al., 2014). Each
part of a vehicle body is a bunch of knowledge that interacts
with other knowledge (parts) when R&D people assemble
the different components. A correct application of know
ledge means that people understand in advance how the
new knowledge (solution) will affect the other parts,
components and sub-systems, and the vehicle design as a
whole. In fact, R&D people declare that, when they apply
a solution related to a vehicle part (knowledge of the parts,
sub-parts and their interrelations), they need to know how
this addition/modiﬁcation to the module will affect other
parts and the whole system (knowledge of the system as a
whole). Thus, this complexity of the knowledge required at
this stage is a major impediment to KR from a repository:
‘the vehicle prototyping is the result of the integration
of multiple parts and sub-components, the application
or modiﬁcation of one part may affect other parts,
sub-components and so on…the solutions we gather
through the system can help us to solve problems but
it is always difﬁcult to understand how the solution
that we apply interact with the other parts of the
vehicle…you know each part interacts with other
parts, the modiﬁcation of one anomaly may lead to
a new anomaly because the components are
interdependent…it is complex …at the moment we
still need a lot of conversations between us to manage
such complexity’
4.4. Knowledge sourcing and knowledge reuse
The analysis of interview data also enabled us to identify a
relationship between KS and KR. Interviewees have stated
that many R&D people are not using the electronic
repository because it is difﬁcult to locate the right
knowledge for their problem solving needs. Therefore, the
inefﬁciency related to KS from the repository has created a
negative perception of the repository among employees:
sourcing knowledge from the repository is seen as more time
consuming than sourcing knowledge from other people.
R&D people also believe that the process of recreating a
solution from a search is more efﬁcient, rapid and easy than
searching for a solution archived into the repository by
other R&D people.
‘If I want to retrieve previous simulations to measure
electromagnetic areas for checking interferences I will
not go to search for a solution into Kman… I’d rather
call my colleague and ask them for help…instead of
spending a lot of time retrieving the knowledge
archived by others somewhere into the system…
retrieving the right solution from the system is often
difﬁcult and time consuming…’ [Project Manager,
Vehicle]
4.5. Knowledge sourcing and reuse and product prototype
development performance
Findings from interviews reveal that effective KS and KR
may reduce the performance of the virtual product
prototyping process, and in particular of the time needed
to develop a vehicle prototype. For instance, interviewees
have emphasized the importance of efﬁcient sourcing and
the reuse of solutions from a repository. However, if from
one hand efﬁcient sourcing and reuse of knowledge can
produce beneﬁts, it is interesting to see that inefﬁciencies in
KS and KR from a repository have a negative inﬂuence
on NPD performance. To this regard, interviewees have
discussions about the impact that KR and KS have on the
issue management process, which is – according to the
organization’s terminology – the process through which
R&D employees from different departments and units
identify and solve anomalies on different parts, systems
and modules during the virtual development of a vehicle
prototype.
‘…reusing knowledge is problematic in the issue
management process …people are willing to share
knowledge because you know this is fundamental in
our work…When we start an ODM (Problem solving
phase in which the irregularities found are solved by
activating the cycle of Orders of Modiﬁcation), the
retrieval of the right knowledge is fundamental,
because the same irregularity can emerge again and
again in that same and other projects… The Digital
Mock Up (DMU) detects the irregularity but it does
not tell you how to solve it. This is our task… For
instance, to rapidly solve an irregularity [which has
been found in the past] wemight adopt similar solutions
by retrieving them into KMAN…Nevertheless, this is
often difﬁcult because my colleagues archive
knowledge into different systems, they use different
repository names, or they codify the solution in a way
that is not clear to others…If you read some of these
documents you may feel that they were very tired when
they codiﬁed it… engineers do not like to write
documents…thus, some documents lack accuracy, a
systematic use of templates, and they are characterized
by a subjective terminology.’ [Head of Department,
Vehicle]
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Thus, it seems that the low quality of the codiﬁed
knowledge leads to scale diseconomies in the reuse of
knowledge. Being knowledge difﬁcult to reuse, R&D people
often have to recreate solutions from scratch and codify
them, which leads to duplication of knowledge. Moreover,
they also need to contact their colleagues to be able to source
the right knowledge or to understand the codiﬁed knowledge
or to solve a problem. As a result, to solve a problem by
retrieving and reusing a solution from the repository, it takes
more time and requires more effort than it is necessary.
These problems make the processes of KR and KS from a
repository inefﬁcient, and show how people-to-people
interaction is perceived as the most effective vehicle through
which highly complex and ambiguous knowledge can be
transferred. Furthermore, interviewees report that the
retrieval of knowledge might be easier for the people who
remember exactly where knowledge has been archived and
what type of knowledge has been archived into the system.
This means that electronic repository does not fulﬁl one of
the promises that they should deliver, that is, to facilitate
the retrieval of knowledge by those individuals with limited
memory (Kane & Alavi, 2007).
‘…If I want to retrieve previous simulations for solving
current interferences it is more rapid to solve the error
by myself instead of retrieving past solutions archived
by others into the system…some years ago the DMU
was introduced…. The DMU is very effective and we
have progressed a lot in terms of time and quality…
the DMU enables us to identify the errors and the
irregularities emerging in the vehicle prototype
building…however, the DMU does not tell us how to
solve the problems. For this reason, we retrieve the
documents archived into KMAN for solving current
anomalies…some employees have good memory and
remember where they have archived previous solutions
but most employees waste a lot of time searching for
them…I often [re]create the solution to an irregularity
by myself because the repository is messy and the
retrieval of solutions is too slow…’ [Head of
Department, Vehicle]
According to interviewees, the inefﬁciencies in KS and
KR slow down the anomaly solution process, and they also
have an impact on the work of other suppliers who work
on the same platform project. Being the VPPD, an
interdependent task in which different business units and
different suppliers work together simultaneously in a virtual
environment to build a virtual vehicle prototype, all the
parties involved have to wait until a solution to the problem
is found. Thus, the planning and scheduling of prototyping
processes are affected by such delays.
‘…the “Target Setting” or “Management of product
requirements” is the process throughwhich we transform
the company’s needs into technique goals for the building
of a vehicle. In this process a fundamental task is the
management of the irregularities/errors occurring during
the development process of a new vehicle… the problems
related to the retrieval and reuse of knowledge are
particularly important if you consider that my colleagues
have to recreate the same solutions to anomalies from
scratch every time …most of time such solutions have
been already developed, codiﬁed and archived by other
people… so if it takes a lot of time for solving an
anomaly so you can understand the degree of the impact
that this inefﬁciencies have on the time performance of
the whole group… because we and … [name hidden,
R&D centers and suppliers of the automotive group]
work together on the same platform. So if we do not
solve an anomaly quickly, the other supplier is blocked
and cannot progress…. It is very difﬁcult to quantify
the impact on the prototype development process; I think
that this problem may have an impact equal to 20% on
the development time’. [Designer, Vehicle]
As mentioned earlier, some interviewees have attempted
to quantify the impact that KS and KR have on the
performance of the VPPD. However, respondents struggle
to quantify such impact because of the recent introduction
of digital simulation technologies in the VPPD, which
according to the respondents have considerably accelerated
the vehicle prototype development process. Thus, it would
be misleading to try to compare current with the past
performance in terms of the time needed to develop a vehicle
prototype. However, the impact of KS and KR on the time
performance of the VPPD is important as mentioned by
interviewees:
‘In the actual model we must manage a project in
which people from different business units, with
different roles (e.g., engineers, designers, mechanics)
and different (parent) R&D centers and companies
work together on the same platform…thus, if we had
efﬁciency in the logistics of knowledge and
information across this supply chain, we could
certainly reduce product lead times.’ [Project
Manager, MP]
From the results obtained, we have developed a theoretical
model that is represented in Figure 1.
5. Discussion
The current study has explored the barriers to KS and KR
from a repository and their implications for the performance
of the virtual vehicle prototyping process. The research has
been carried out within a ﬁrst-tier supplier of R&D of a
leading multinational company in the automotive sector.
The results of this study have led to development of a new
theoretical framework that is illustrated in Figure 1. The
framework highlights that the ease of use of a repository
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from one side and knowledge quality from the other side
have implications for the processes of KS and KR. The
emerging framework also shows the moderating role of
knowledge complexity, the inﬂuence of KS on KR, and that
both KS and KR can have an inﬂuence on the time
performance of the virtual product prototyping process.
The adoption of a digital manufacturing approach for
assembly planning of complex products makes it possible
to generate, analyse and evaluate feasible assembly designs
in a short time (Xu et al., 2012, p. 676). In order to support
these processes, organizations have implemented knowledge
management systems in order to enable the sharing of the
intellectual capital created by knowledge workers in the
organization, thus increasing decision-making effectiveness
and ultimately competitive positioning (Rao & Osei-Bryson,
2007). However, as noted in the ﬁndings of this and previous
research on knowledgemanagement technologies, the simple
adoption of a knowledge repository does not necessarily lead
to successful knowledge management (Malhotra, 2004,
Kankanhalli et al., 2005; Durcikova et al., 2011). In
particular, we have found that an electronic knowledge
repository does not enhance KS and KR because of the
existence of the barriers documented in this study, namely
poor knowledge quality and operational problems with the
electronic repository.
Findings highlight that ease of use of a repository is an
important factor to consider when a company wants to
enhance KS. This result differs from the ﬁndings of
Kankanhalli et al. (2005), as they revealed that the ease of
use of a repository is not a signiﬁcant factor to consider
when investigating the motivation to use a repository for
knowledge seeking in public sector organizations. Instead,
we agree with Gray and Durcikova (2006), who found that
the ease of use of a repository is an important antecedent
of KS from a repository. In this study, it was found that
R&D employees reduce the use of a repository when the
retrieval and reuse of knowledge from a repository is
perceived to be time consuming (Gray & Durcikova,
2006). Our investigation into the perceived time-consuming
nature of sourcing knowledge from a repository found that
the lack of interoperability between different systems and
repositories, the ineffective search functionalities (based
on syntactic search only) and the ambiguous labels of the
(often duplicated) folders/directories of repositories are
important aspects to consider. Moreover, we have
documented that, because of complexity of knowledge,
people-to-people interactions seem to be the favoured
method of sourcing knowledge, which emphasizes the
importance of collaborative activities in the process of
assembly (Wang et al., 2009).
Our ﬁndings also show the potential presence of a
relationship between KS and KR, which is also new to the
literature.Previousstudies found that thesourcingofpublished
knowledgewasa signiﬁcantpredictorofknowledge replication
in a manufacturing engineering division (Gray & Meister,
2006). In this study,wehave found that,whenR&Demployees
perceive that the retrieval of a solution from a repository is
difﬁcult and time consuming, they will prefer to turn to their
colleagues and/or to recreate the same solution once again
instead of reusing an existing one.
Interestingly, the degree of ease of use of the repository
affects the willingness of employees for seeking knowledge
within a repository, and a negative perception of the ease
of use and usefulness of a repository affect future reuse
intentions. We have found that R&D employees often decide
not to retrieve solutions from a repository; instead, they
prefer to source the needed knowledge from other colleagues
within their organization. Thus, contrary to what is often
stated, the access to and use of a knowledge management
system do not necessarily enhance solution reuse in an
organization. Rather, R&D staffs still favour people-to-
people interactions to solve complex problems. This seems
Figure 1: The theoretical model emerging from the data analysis.
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to be dependent on the degree of complexity of the
knowledge that is needed to build a vehicle. As mentioned
earlier, knowledge complexity seems to act as a moderating
factor in the relationship between system quality and KS
and between knowledge quality and KR. This means that,
in conditions of high knowledge complexity, organizations
cannot completely rely on a people-to-document approach
as some degree of interaction will be always needed. With
the present ﬁnding, we also advance the literature on the
beneﬁts of knowledge codiﬁcation within the product
prototyping process. Codiﬁcation has been considered an
important vehicle for transferring knowledge (Ruggles,
1997; Davenport & Prusak, 1998). Its presence or absence
is considered either an enabler or a barrier to knowledge
sharing (Kogut & Zander, 1992; Hansen, 2002). However,
literature has not considered the effects that poorly codiﬁed
knowledge and knowledge complexity have on KR. Indeed,
researchers have adopted an unproblematic approach to the
process of codiﬁcation (Hall, 2006) and have often presumed
that the quality of codiﬁed knowledge should be high. They
therefore suggest that companies have to enhance KR
activities in order to increase performance (Kogut & Zander,
1992; Haas & Hansen, 2007). Instead, we suggest that, in
conditions of high knowledge complexity, companies should
balance codiﬁcation and personalization strategies (Hansen
et al., 1999) and they have to closely monitor the quality of
the codiﬁed knowledge.
Our ﬁndings fail to provide evidence of the argument that
knowledge management systems enhance KR (Markus,
2001; Kankanhalli et al., 2005). Previous studies have
investigated successful reuse scenarios and the motivating
factors that enhance KR (Markus, 2001). Other scholars have
found that the valence of knowledge (perceived value of
knowledge accessed) inﬂuenced KR frequency (Watson &
Hewett, 2006). The ﬁndings of this study show that the poor
quality of the codiﬁed knowledge is a critical barrier to KR
from an electronic repository within the product prototyping
stage. Furthermore, the results show that poor knowledge
quality can be determined by several reasons; the most
important reasons are as follows: the lack of accuracy of the
codiﬁed knowledge, followed by knowledge incompleteness
and by the lack of adoption of a consistent/shared format of
knowledge representation throughout the organization. This
ﬁnding advances the understanding of knowledge quality
dimensions that are willing to affect KR within NPD
environments.
This study has also explored the implications of KS and
KR for the performance of the VPPD stage within the
NPD process, thereby advancing the literature on the links
between knowledge management, electronic repositories
and NPD performance. The results of this study suggest that
the time and costs saved by reusing and leveraging existing
knowledge could be among the beneﬁts of a knowledge
repository providing that it fosters effective KR and KS.
We agree with Zhou et al. (2014) that the level of their
information quality stored within information technology
can contribute to achieve good overall business performance
and with Yu et al. (2014) that knowledge acquisition
facilitates NPD performance positively. However, the
present study’s ﬁndings show that having high quality
knowledge is not enough to improve business performance;
R&D staff should be in the condition of efﬁciently sourcing
codiﬁed knowledge to be able to reuse such knowledge.
Potential inefﬁciencies in the sourcing of knowledge may
otherwise produce scale diseconomies in KR and exploi
tation. Although vast amounts of knowledge can be created,
codiﬁed and archived into a repository, the difﬁculties in the
retrieval and reuse of knowledge can create dissatisfaction
and unwillingness to reuse the repository in the future (reuse
intentions). It is well known that the reuse of existing
design knowledge is the key to realize rapid product design
(Lu et al., 2011). In the case investigated in this study,
R&D employees prefer to source knowledge from other
colleagues and to recreate a solution to a problem from
scratch. This dynamic produces duplication of efforts
(and of knowledge) and increases the time needed in the
product design stage, and such inefﬁciencies can negatively
affect ﬁrst-mover advantages (Eisenhardt & Tabrizi, 1995).
It is argued that the capacity of rapidly design new products
that meet market needs is crucial in highly competitive
markets (Thomke, 2003), and the design (including assembly
and prototyping) of a new vehicle is a costly process in any
manufacturing company. Research in fact shows that
approximately 80% of the manufacturing cost of a product
is determined by the design of a product (Clark & Fujimoto,
1991). In this study, we have acknowledged that if from one
side digital assembly technology can shorten delivery time
and reduce assembly cost (Xu et al., 2012; Xu et al., 2014),
which ﬁnding advances industrial informatics literature of
how digital assembly is implemented (Butterﬁeld et al.,
2007), on the other side, the inefﬁciencies in the sourcing
and reusing of knowledge may have negative repercussions
on the time performance within the product prototyping
stage.
It is useful to point out that the inefﬁciencies in KR and
KS may have an impact on the VPPD at different points in
time. For example, daily, by increasing the time needed to
solve technical problems, and diachronically, when
experienced or key employees leave the company and their
knowledge and expertise leave with them (March, 1991). In
fact, the problems of incorrect codiﬁcation of knowledge
also offset the potential beneﬁts of repositories, which are
generally created to retain the knowledge held by employees
who leave a company (Dalkir, 2005). Accordingly, if an
organization does not establish clear and shared (throughout
the organization and the partners) guidelines and norms
about the way knowledge should be codiﬁed and archived
into an organizational repository, the risk that the repository
will not be used effectively and will not fulﬁl the purpose for
which it has been implemented is high.
Finally, this study has shed light on how knowledge
repositories are being used as a support to virtual simulation
technologies in the product prototype development process
and speciﬁcally a virtual vehicle prototype. We have shed
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light on the knowledge-related activities in the NPD process
and more speciﬁcally in the virtual product prototyping
advancing the management and information systems
literatures (Vaccaro et al., 2011; Yu et al., 2014).
6. Managerial implications
The current research has explored the barriers to knowledge
sourcing and reuse from an electronic repository and their
implications for the product prototyping stage of NPD.
The study offers some practical suggestions on how
information system specialists and R&D managers could
overcome KS and KR barriers.
This study has found that the lack of interoperability
between different systems and repositories, the ineffective
search functionalities and the ambiguous (or duplicated)
directories/folders/repositories are important factors that
negatively affect the ease of use of a repository. A system
developer in charge with the design of a repository that is
used as a support to product development teams should take
into account the barriers to KS identiﬁed in this study before
implementing the repository. We have seen that the DMU
software detects problems (e.g. interference) in the vehicle
assembly; however, it does not provide a solution to the
detected problem, so R&D people have to retrieve a solution
from the repository to solve the problem. Technological
advances in product assembly software could reduce KS
problems; for instance, new software for design assembly of
complex products (e.g. AutoAssem) is able to ﬁnd and
compare solutions automatically minimizing manual input
(Xu et al., 2012).
According to the ﬁndings, the adoption of domain
ontologies could be a viable solution for improving the
effectiveness of search functionalities so as to enhance KS.
An ontology is a meta-level description of knowledge
presentation; it provides search engines with the functionality
of a semantic match (Guarino, 1997). A domain ontology
creates a shared language about a domain or topic (i.e. vehicle
components) in order to facilitate knowledge communication,
storing, searching and sharing in knowledge management
systems (O’leary, 1998). In ontology-based searches, the
data input is converted into semantic statements, by
capturing and classifying the knowledge contained using
domain ontology (Dadzie et al., 2009). Ontologies may
enable employees to immediately locate the knowledge
related to a problem area and to a speciﬁc irregularity stored
in a repository, and also the relationship with other similar
problems and solutions. Thus, developments in the area of
knowledge representation and ontology mapping will lead
to improvements in the ability to create, share and exchange
knowledge for solving design evaluation problems involving
multiple applications and viewpoints (Zhan et al., 2010;
Chandrasegaran et al., 2013).
Furthermore, researchers in industrial informatics and
enterprise systems view business intelligence (BI) technologies
(e.g. data warehouses, data mart, data mining and online
analytical processing) as capable of efﬁciently extracting and
delivering useful information from large data for decision-
making (Duan & Xu, 2012). Thus, in the process of building
of a virtual prototype of a vehicle, the development of domain
ontology or the adoption of BI could help engineers to rapidly
and efﬁciently locate the knowledge needed (e.g. solution) to
solve problems (e.g. irregularity) in the vehicle development
process.
Another solution that could be adopted to improve KS from
a repository is the creation of folksonomies or social tagging of
documents. Folksonomies allow for the multiple, overlapping
associations that the brain itself uses rather than the rigid
categories of taxonomies and folders (O’reilly, 2005). Social
tagging is a bottom-up, collaborative categorization of
contents and resources using freely chosen keywords, often
referred to as tags. The pieces of knowledge archived into
repositories can be tagged by R&D workers, and in such a
way, they contribute to the creation of a shared and more
ﬂexible categorization of knowledge. Organizations could also
consider adopting named entity recognition systems to enhance
the extraction of knowledge and text mining (Pan et al., 2014)
or meta-models that are useful for information integration,
sharing, searching, reading and operation (Xu et al., 2014).
An implication of this study’s ﬁndings for information
system specialists is that repositories should be integrated
with expert networks, especially when the codiﬁed
knowledge is highly complex or unstructured as within the
prototyping stage of vehicle products. Expert networks are
networks of individuals, identiﬁed as experts in some
professional areas, who are electronically accessible by
others with questions related to that expertise (King et al.,
2002). The difﬁculty in understanding and interpreting the
knowledge stored in a repository could be minimized if the
knowledge seeker could communicate with the contributor
of such knowledge in a timely manner.
Another solution to the problems in KS and KR found in
this study could be the implementation of ‘communities of
practices’ (Wenger & Snyder, 2000). Communities of
practice are gaining some recognition in the automotive
industry as effective organizational mechanisms for the
creation, codiﬁcation and sharing of both implicit and
explicit knowledge (Wolf et al., 2011). Thus, R&D
managers could implement inter-departmental communities
of practice to develop a shared terminology, taxonomy and
format to be adopted for the codiﬁcation of knowledge.
They could also reﬁne and improve the quality of the
codiﬁed knowledge that has been created and archived
within a repository. Moreover, they could work to provide
a better organization of the way knowledge is archived
within the company’s systems.
7. Limitations and future research
The present research has some limitations. First, the focus
on a large private supplier of R&D in the automotive
industry could limit the ﬁndings to the context investigated
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by the researcher. Scholars could undertake a comparative
study with another company in the same or in a different
industry with the purpose of getting a cross-company/
cross-industry validation of the results obtained here.
Although the ﬁndings of this research come from a single
company, we believe that many other R&D centres in the
automotive industry can learn from this study. In fact, many
automotive R&D centres are currently introducing virtual
simulation technologies and electronic knowledge
repositories (Dodgson et al., 2007), and therefore, they
may be facing the same challenges of the R&D supplier
considered in this study. Moreover, the lack of research on
the topic and the importance of the implications of the
factors identiﬁed in this study increase the value of our
ﬁndings.
Second, this study has adopted a qualitative method of
investigation based on interviews with R&D people, which
limits the possibility to quantify the strength of the
relationships between the variables considered in this study.
Therefore, a quantitative validation of the theoretical
framework developed through this study is needed.
Structural equation modelling could be used to test the
potential relationships among all the variables in the
framework (Figure 1).
Third, another limitation of this research could be that it
has not tested the inﬂuence of environmental conditions and
the characteristics of individuals. These have been found to
be important factors when trying to understand the impact
of information systems-enabled learning mechanisms on
knowledge exploration and exploitation (Kane & Alavi,
2007; Durcikova et al., 2011).
8. Conclusions
Focusing on the product prototyping process in the automotive
industry, this study has found the following: (1) KS from a
repository is inhibited by the difﬁculty of use of a repository,
which is determined by ineffective search functionalities,
ambiguous repository and folder names, and lack of
interoperability between different systems/repositories; (2)
KR from a repository is inhibited by inefﬁciencies in KS and
by the poor quality of the codiﬁed knowledge; (3) the degree
of complexity of knowledge acts as moderator in the
relationship between system quality and knowledge quality
and respectively KS and KR; and (4) KS and KR inﬂuence
the time performance of the virtual product prototyping
process.
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